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INTRODUCTION

Cacalia atriplicifolia L. is found growing continuously
over a wide area.

It occurs in widely scattered populations

consisting of fifty to one hundred plants.

Its occurrence on

the coast is rare, becoming more frequent inland.

The habitat

varies from rich woods to dry prairies and the plants commonly
grow on edges of woodlots and in dry open area.
Wolfe (1970) reported that Cacalia atriplicifolia L. does
not appear to be limited by altitude or glaciation lines and
endures a wide range of rainfall and perhaps temperature
(mountains and prairies).

It seems to tolerate both open and

wooded areas with a preference for open woods.

The

geographical distribution of Cacalia atriplicifolia L. is
represented in Figure 1.
Cacalia atriplicifolia L. is a perennial, rosette-forming
and leafy-stemmed herb to 2.5 m tall.

The plants are glabrous

glaucous especially on stems and lower surface of the leaves.
Flowering, in general, is continuous from July until September
however, in my experience flowering occasionally begins in
early April and lasts until late October.

A more complete

taxonomic description will be found in the Appendix 2.
Very few fertile fruits are scattered in the heads while
many sterile and abortive fruits are produced and show no

1
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Figure 1.

Map showing distribution of Cacalia atriplicifolia
L. Data modified after Wolfe (1970).
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relationship to position, on the heads.

The persistent pappus

is helpful inn the dispersal of achenes by wind.

The occurrence

of natural and artificial hybrids of Cacalia atriplicifolia L.
and

£. IMiilenlbergit is documented by Coleman (1965).
Although the morphology of the family Compositae has

received considerable attention, a survey of the available
literature seems to indicate that little attention has been paid
to the life history of Cacalia atriplicifolia L.

This species

can be easily distinguished from all other species of Cacalia
by a combination of morphological features such as leaf shape,
involucre and glaucescence.
Information from chromosome studies indicate numbers in
this species have- been derived by aneuploid reduction from n= 30
(ornduff et a!., 1967).

Further investigation is needed to

demonstrate this conclusively although evidence of aneuploidy
does seem to exist.

The goals of this study are to acquire a

better understanding of embryology, pollen viability, the degree
of seed germination, and chromosome numbers of Cacalia
atriplicifolia L.
Materials from local wild population were cultivated in
the greenhouse and observations were made in the field as well
as from herbarium specimens.
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MATERIALS AND METHODS

Buds and flower-heads at various stages of develogmiszt
were collected and fixed in Newcomer's solution for em&ryeliaigilcal
study and were stored in the refrigerator until ready Sor use-.
Modified conventional methods of dehydration, infiltrationr
through tertiary butyl alcohol-paraffin and paraffin erfosdidiiiig
were followed (modification by Dr. C. S. Huang, personal
communication, and the author).

Tissues were fixed in FAA for

24 hours, 20% ethyl alcohol for 2 hours; 35% ethyl a!crihrl for
2 hours; 50% H^O, 40% ethyl alcohol, 10% TBA for 2 hours;
30% H 2O, 50% ethyl alcohol, 20% TBA for 2 hours; 15%

5#%

ethyl alcohol, 35% TBA for 2 hours; 45% ethyl alcohol, 55% TBA
for 2 hours; 25% ethyl alcohol, 75% TBA for 2 hours; MMDS' TBA
for 1 hour; repeat 100% TBA twice, 1 hour each; 50% ISA, 50%
paraffin oil and paraffin chip at 28 C, saturated ovarr figh t,
then uncovered and transferred to 55 C for 2 hours; sane
temperature, one half solution poured out, paraffin chip added
to equal original volume for 2 hours; repeat pouring out one half
solution, add paraffin chips to original volume at same
temperature for 2 hours; then discard all the paraffin-TBA
mixture, replace with melted paraffin for 3 hours; repeat
discarding all the paraffin-TBA mixture, replace with melted
paraffin for 3 times, 2 hours each time.

After infiltration:

overnight the tissue is ready for embedding.
5
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Serial paraffin sections were cut 10 microns thick and
and stained with 1% safranin 0.
acid was used for destaining.
was used as counter-stain.

A saturated solution of picric
Fast green dissolved in clove oil

The differentiation was carried

out in clove oil and xylene mixture which gave very satisfactory
results.
The outer involucral bracts on the heads, corolla, stamen
and the pappus were removed from the ovaries before dehydration
since these contained crystals and did not allow proper
infiltration.

Older stages of ovaries were soaked overnight

in Gifford's softening solution consisting of 32 ml water,
48 ml of 95% ethanol and 20 ml acetic acid.

This treatment

proved to be necessary to facilitate cutting.
Pollen viability percentages were obtained with standard
preparations of aniline-blue-lactophenol (Maneval, 1936).
Pollen grains were allowed to remain in the staining solution
24 hours before examination for stainability.

Percentages

were determined by counting pollen grains from flowers in at
least 5 different heads per population.

The number of pollen

grains counted varied in different populations from 400 to
12,911 grains.

Pollen grains were obtained from two sources:

(1) flowers on herbarium specimens and (2) fresh flowers from
living plants.
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The following seed germination studies were made:

(1)

freshly harvested seeds were germinated immediately on moist
filter paper (Whatman No. 1) in petri dishes; (2) seeds were
stored, dry, in vials at 32.5 F in a refrigerator for 126 days
and 197 days, respectively; (3) seeds were treated by cold stra
tification techniques.

In different populations the number

varied from 260 to 588 seeds.

The seeds tested were based on

viable seeds only and excluded clearly abortive or unmature
ones.

Normal viable seeds have a thick, dark brown seed coat

and prominent ridges and measured 5 mm long, 1.5 mm thick.
The clearly abortive seeds were no more than 3 mm long and 1 mm
thick, had a thin, light brown ridges and seed coat.
germinate.

These never

Viability was indicated by the germination percentage

which shows the number of seedlings which can be produced by a
given amount of seed (Hartmann et al., 1959).

The time elapsed

before the start of germination was observed.

Freshly harvested

seeds mean that the seeds were planted within one week after
harvesting.

Seeds were prepared for stratification by soaking in

tap water 24 hours.

The moist seeds were sterilized with 5%

sodium hypochlorite solution 20-35 min at room temperature.

The

seeds were then mixed with the stratification medium equally
several times the volume of the seeds.

The stratification medium

used was a mixture of one part well-washed sand and one part
Canadian Sphagnum peat moss, moistened and allowed to stand 24

R eproduced w ith perm ission o f the copyright owner. Further reproduction prohibited w itho ut perm ission.

hours before use (Hartmans ett al.r 1959).

This seed-

stratification medium-mirsura was stored in plastic bags at
32.5 F for 89 days and 1®0) days respectively before planting.
Uniform techniques si germination were applied to all
seeds, treated seeds were, planted at plastic tray of
stratification medium-sandy scril mixture and kept at room
temperature first week and watered everyday, and brought into
Fenwal growth chamber at 3© F (4 light sources, 40 watt and
130 v each electric hnlh'j) under which germination was further
carried out.
Heads for chromosome taunts were field-fixed.

Pollen

mother cells were obtained from anther squashes stained with
acetocarmine.

Young anthers were obtained from young flower-

buds and kept in Weweomer"s solution for at least twenty-four
hours before squashingVarious soil samples eecerming pH value were examined and
followed the method of tie laMotte-Morgan Soil Acidity Test.
The plant materials upon which the current report is based
were obtained from three locations in southwestern Michigan
herein referred to as Srrrdheck State Game Area, Milham Park
and Portage Townships-

luecher specimens indicating precise

location are retai^^j^lt the C. R. Hanes Herbarium, Western
Michigan University, Falamtxaa, Michigan.

Pollen samples were

also obtained from herbarium; specimens from the following

R eproduced w ith perm ission o f the copyright owner. Further reproduction prohibited w itho ut perm ission.

herbaria listed by official designation of the International
Association for Plant Taxonomy (Lanjouw et al., 1959):

FSTJ,

MICH, NY, PH, TEX, US and WMU.
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RESULTS AM) DISCUSSION

I.

Development of Ovule

The ovule of Cacalia atriplicifolia L., as in all
Compositae, is anatropous, developing in the base of uniloculus,
and towards the base of pappus.

The ovule consists of a

multilayered nucellus (tenuinucellate) with a single-layered
integument (unitegmic) around the nucellus.
The megaspore mother cell is separated from the nucellar
epidermis which is attached to endothelium (Fig. 3).
Endothelium (integumentary tapetum) is very commonly present
as is usual in most of the Compositae.

The cells of endothelium

differentiate early in the development of the embryo sac
(Fig. 3).

The endothelium has quite different aspects during

younger and older stages of ovule.
Occasionally the ovule bears twin embryo sacs in one
ovary (Fig. 11).

It should be mentioned here that it is not

known which of the twin sacs will complete development.
An integumentary vascular supply is present (Figs. 4 and
and 21).

This integumentary vascular supply originates and

divides into two section from the upper proximity of the
micropyle toward and around the nucellus, but never becomes
attached to the chalaza, remaining a considerable distance from
it.

10
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Figure 2.

Female axcijesporima l.s. (400x)
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Figure 3.

Megaspore mother cell l.s. (lOOx);
endt= endothelium; pt= pollen tube.
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Figure 4.

Megaspore mother cell l.s. (lOOx)

AUG

Figure 5.

« snt

•

7T

Megaspore mother cell c.s. (400x)
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Figure 6.

on v

Two-nucleate embryo sac l.s.

J LI N

Figure 7.

•

•

(lOOx)

n

Four-nucleate embryo sac l.s. (lOOx)
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Figure 8.

Eight-nucleate embryo sac (400x)
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Figure '9 .

Figure I'O-

Maimre embryo sac l.s. (lOOx)

Qnalazal end of mature embryo sac showing
antipodal cells l.s. (400x)
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Figure 11.

Twin embryo sacs l.s.

(40x)

I

l
Figure 12.

Two-celled stage of young proembryo;
ca= apical cell; cb= basal cell l.s. (400x)
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The single archesporial cell is hypodermal.

It differen

tiates and functions directly as the megaspore mother cell
(Figs. 2-4).

A cross section indicates that the megaspore

mother cell is surrounded by fourteen epidermal cells (Fig. 5).
There is very little differentiation between the
archesporial cell and the neighboring nucellar cells (Fig. 2).
The archesporial cell and the integument differentiate
almost simultaneously.

The development of the integument is

more rapid than that of the nucellus and the latter quickly
becomes completely enclosed by the integument except for the
chalazal and micropylar passages.
In the younger flower the ovule does not entirely fill the
ovarian chamber.

But by the time of the mature embryo sac

stage the ovule has enlarged to completely fill the chamber.
The endothelium is differentiated very early from the
innermost layer of the massive nucellus and bears its
characteristic rich protoplasm at the stage of megaspore mother
cell (Figs. 3 and 4).

The formation of endothelium is due to the

consumption of nucellar cells.

As a result of repeated cell

divisions, the endothelium becomes multilayered.
cells undergo divisions in several directions:
vertically, transversely and obliquely.

The endothelial
radially,

The endothelial cells

are uninucleate or binucleate, densely stained (Figs. 9 and 10).
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Figure 13.

Three-celled stage of proembryo l.s. (400x)

Figure 14.

Three-celled stage of proembryo l.s. (40Qx)
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u

Figure 15.

an*

Five-celled stage of proembryo l.s.

U

Figure 16A.

•

•

(400x)

Dfl ?

Development of globular embryo; fifteen-celled
stage of proembryo l.s. (4Q0x)
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Figure 16B.

Development of globular embryo l.s. (400x)

Figure 16C.

Globular embryo l.s.

(lOQx)
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Figure 17.

Figure 18.

Portion of globular embryo l.s. (400x)

Globular embryo l.s. (lOOx)
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Figure 19A.

Development of heart-shaped embryo l.s. (lOOx)

Figure 19B.

Development of heart-shaped embryo l.s. (lOOx)
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Figure 19C.

Heart-shaped embryo l.s. (lOOx);
end= endosperm
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Figure 20.

Dicotyledonous stage of embryo; end = endosperm
l.s. (lOOx)
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• *0f

\l

Figure 21.

Dliter stags: of embryo l.s. (lOOx)

U

Figure 22..

•

anv

Itoidimre of alder stage embryo showing two nuclei
in 3 qyeHTS I..s.

(4Q0x)
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The orientation of growth of the endothelial cells changes as
their development proceeds and they become thin-layered. amr
degenerated as the globular embryo forms (Figs. 262 ant 13V..
The bulk of the endothelium is absorbed by the srrnryr nrrinr
the development of the two cotyledon-stage bur rhe eraircrielium:
near both the chalazal and micropylar ends of rhe mnl.e persists
in the mature seeds as in Caesulia axillaris (IteshpaniE™ ISfbl) The degenerated endothelial cells form a cap-like figure at the
micropylar- portion of the ovule during rhe stage of rhe heart—
shaped embryo (Figs. 19A-C).

The inner, tangential., ntirfriren:

walls of the endothelium become closely attached rr rhe.
endosperm (Figs. 16C and 18).

The same endothelial arririry has

been seen in Tridax procumbens (Padmanabhan, 19cl
sativa (Borthwick and Robbins, 1928).
their capacity for divisions.

and lactnca

This is due rr less err

Some of the endothelial cells

are broad at the embryo sac and taper toward nucelins...
The nucellus consists of large isodiametric cells rr
scanty cytoplasm and cluster-form crystals (druses) or cal-rrum
oxalate.

These are very commonly present in rhe mice.12.ig

throughout the development of embryo sac and embryo bur rue
found in the integument.

The size of crystals seems rr he

unchanged through all the ovules.
a single large crystal.

Each nucellar cell enrnains

According to Metcalfe ex al,

.1352)

the large and solitary crystals of calcium oxalate are ~sitter
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rare in the Compositae and have been found in both Cacalia and
Senecio subg. Kleinia.
The growth of the integument is persistent through the
formation of the seeds and entirely encloses the nucellus
except at the micropylar and chalazal ends.

The cells of the

integument continually increase greatly in size as the embryo
matures.

The ovule is in contact with one side of the ovarian wall

and the direction of the curvature of the ovules is centripetal.
Swelling of the embryo sac is due to the growth of the embryo
and a space extends toward the chalazal end (Figs. 16C, 19A, 19C
and 20).

The enlarging portion of the embryo sac attaches to

the nucellus while the chalazal portion does not.
In many ovules the embryo sacs degenerate before they are
mature and therefore fertilization can not occur.

The nucellus,

therefore, is greatly depressed and crushed and produces a
large ovarian chamber.
It was observed in this investigation that many flowering
heads seed never developed.

II.

Megasporogenesis and the Development of Embryo Sac

As the curvature of the ovule continues, the megaspore
mother cell increases in size.

As mentioned earlier, the single

archesporial cell differentiates directly into the megaspore
mother cell (Figs. 2-4).

The megaspore mother cell stage was
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observed in fairly old florets as well as in yery young florets.
Neither meiosis nor dyad or linear tetrad stages of megaspore
development were ever observed in the many hundreds of ovules
examined.

This suggests that meiosis is suppressed and functions

directly as the uninucleate embryo sac.

The same report has been

observed in Brachycome ciliaris (Davis, 1964).
The nucleus of the megaspore mother cell enlarges and the
chromosomes undergo a mitotic division rather than a meiotic
division.

There is no pairing of the chromosomes.

Pollen tubes

were seen at the micropyle during megaspore mother cell stage
(Fig. 3).
The binucleate stage of the embryo sac results from the
division of the single megaspore mother cell nucleus.

The two

nuclei lie close together at the micropylar end of the embryo sac
(Fig. 6).

The two nuclei are nearly equal in size (Fig. 6).

From this point the development conforms to the Antennaria type of
generative apospory (Bergman, 1941) in which the embryo sac is
produced from the diploid archesporial cell.
In addition to Antennaria, in Compositae, a similar form of
generative apospory has also been found in Arnica, Poa, Eupatorium
(Bergman, 1941) and Brachycome ciliaris (Davis, 1964).
In several species of the genus Hieracium subgenus
Archieracium, the division is of the mitotic type and the
megaspore mother cell develops directly into the embryo sac
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(Bergman, 1941).

A similar form occurs in the race of

Parthenium argenitatum with, 72 chromosomes (Esau, 1946),
Ixeris dentata CORahe, 1932), Elatostema eurhynchum, Elatostema
machaerophyllum, Potentilla verna, Atraphaxis frutescens
(Edman, 1931).
Further division of the two nuclei gives rise to a fournucleate embryo sac (Fig. 7).

The embryo sac at this stage

shows the sister nuclei relationship as observed in Galinsoga
ciliata, Chrysanthemum leucanthemum, and in Flaveria repanda
(Misra, 1957).
The nuclei of the four-nucleate embryo sac undergo free
nuclear divisions and give rise to an eight-nucleate embryo sac
(Fig. 8).
The shape of the mature embryo sac is fusiform (Fig. 9).
The three large antipodals lie mostly one above the other two and
are in direct contact with each other.

They are close to the

chalaza and possibly serve as nutrition of the embryo sac
(Fig. 10).

The upper one is much bigger than the lower two

antipodal cells.

The synergids are adjacent to the polar nuclei

and are not in contact with the egg.
close to the antipodal cells.
nucleoli.
nucleolus.

The polar nuclei are very

Each of the polar nuclei has two

Each antipodal and each synergid has only one
Frequently the structure of the synergids and polar

nuclei is indistinguishable except for the number of nucleoli.
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Both are surrounded by abundant protoplasm.
and pear-shaped.

The egg is free

The egg has a relatively small nucleus in

comparison to the nuclei of the antipodals.

The broader

anterior end of the egg is close to the thread-like micropylar
passage.

The posterior portion of the egg is narrower (Fig. 9).

No synergid haustoria is produced.

The antipodal cells

neither increase in number nor give rise to haustorial
processes.

It is interesting that one antipodal cell persists

into the heart-shaped embryo stage.

In general, the antipodal

cells disappear very shortly and are ephemeral.
No secondary nucleus was observed during this study.
Apparently, fusion of the polar nuclei does not occur.
At the chalazal end of mature embryo sac, there is some
persisting nucellar epidermis whose cells can be easily
distinguished from those of endothelial cells by their smaller
size and shape (Fig. 10).

The embryo sac undergoes a

considerable increase in size after the stage of mature embryo
sac.
III.

No Fertilization

Intensely stained supernumerary pollen tubes were observed
in the embryo sac as in Caesulia axillaris (Deshpande, 1962)
and Siegesbeckia orientalis (Misra, 1964).

The pollen tubes

were observed in the embryo sac as early as the first stage of
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megaspore mother cell development (Fig. 3).

They enter the

ovule through the micropyle and are therefore porogamous (Fig. 3).
They persist in the embryo sac as long as the proembryo stage of
development.

However, despite the presence of pollen tubes

there is no evidence that syngamy and triple fusion take place.
Therefore, it appears that the egg cell develops parthenogenetically into the embryo.

IV.

Development of Embryo

The egg increases in size and becomes very much elongated.
The first division of the egg is transverse, forming two cells
(Fig. 12):

a

basal cell (cb) and an apical cell (ca).

This

division of the egg is called the first cell generation and
subsequent divisions in the two cells are not simultaneous.

The

proembryo moves down nearer the center of the embryo sac in
contrast to the egg remaining in the micropylar end as in Lilium
philadelphicum and L. tigrinum (Land, 1900).

The apical cell

gives rise to most of the mature embryo while the basal cell
gives rise only to the suspensor, hypocotyl, radicle and root cap.
The apical cell then divides longitudinally by a vertical wall
(Fig. 13).

The basal cell of the proembryo, after further

increase in size divides transversely either prior to or after the
vertical division of apical cell to form two superposed cells:
ci and m (Fig. 14).

Mitra (1947) suggested that this three-celled
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proem&ry® is a common feature of the Compositae.

Next, the

clevage ®f the ci tier produces n and n f (Fig. 15).

Thus, the

proembryo is ,TT Tr shaped including the tiers of q, m, n and n'
(Fig. 15).

In this stage, the proembryo is compressed because

the celltmlar endosperm cells.

Next, both the cells of m, n, and

the tier q divide longitudinally to quadrant of the q tier.
There are four nuclei in the two juxtaposed cells resulting from
■vertical division of m, two cells of n and one cell of n'
(Fig. iffil).

Subsequent divisions also were observed and confirm

that the development of the embryo is of the Asterad type which
is .characteristic of the Compositae (Johansen, 1950).
The division in each tier of proembryo becomes less regular
when the embryo increases in size as a result of further
development.

The cells of q tier divide both vertically and

transversely and produce the stem tip and two cotyledons.
embryo is dicotyledonous (Fig. 21).

The

In the dicotyledonous stage

of the embryo, the nucellar cells are greatly elongated.

Some

layers of fibre—like nucellus can be observed.
Initiation of dermatogen, periblem, and plerome occurs in
the order ®f i, q, and n (Figs. 16C and 18).

The first appearance

of the dicotyledon is noted in the development directly after the
globular stage of the embryo (Fig. 19A ) .

There is the presence

of one, two or three nuclei in a single cell of the dicotyledon
ous enfbryo’ (Fig. 22).

The cells of the tier m divide both
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longitudinally and transversely and form the mpooety.1 and:
radicle (Fig. 21).

The tier n consists of a

beginning (Fig. 15).

cell in the

After further vertical diviLsdiGnii, tier n

undergoes periclinal divisions and gives rise to the root tip.
For further horizontal division cell n' produces r and p..

The

tier o, derives from n' and undergoes longitudinal!, and periclinal
divisions to form the root cap.

Similar phenomena have been

noted in Bidens biternata (Deshpande, 1964);
, SdLPpta grostrata
and Caesulia axillaris (Deshpande, 1961 and 1961))..

The tier p

formed only by transverse divisions becomes the susgensar
(Figs. 16C and 18).

The number oi superposed cells in the

suspensor is variable in Cacalia a trip li cif olia 1..

rp to six

cells occur in the uniseriate suspensor of Phe nlr&ular embryo
(Fig. 18).

The posterior cell of the suspensor enters and is

projected slightly toward the micropyle (Fig.. IS))..

The suspensor

remains intact through the globular stage of .the embryo,,
degenerates during the development of the heenri-situged embryo
and disappears later in older stage of the embryo development
(Fig. 21).

The basal cell of the suspensor is lanr while the

other cells are short.

The older dicotyledonous -uni:rye is

surrounded by one single-layered endothelium nnc=p)tr at the
micropylar and chalazal ends.

The length of the ecpyledcns is

much longer than the hypocotyl and radicle..
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V.

Endosperm

No indication has been found that the polar nuclei fuse tc
form a secondary nucleus;, it is therefore suggested that the
polar nuclei function directly as the first two endosperm
nuclei and these undergo further nuclear division to form the
endosperm.

Such a possibility has been suggested in Bra try toms

ciliaris (Davis, 1964), Antennaria alpina (Juel, 1900),
Alchemilla alpina (Murbeck, 1901), and Eupatorium glandulosnm
(Holmgren, 1919), although sometimes in Eupatorium glandnlosum
a secondary nucleus is formed.

The endosperm is cellular since

the nuclei are enclosed by cell walls (Figs. 18 and 19A-19Q.
The embryo sac becomes completely filled with endosperm during th
early stage of embryo development and the large cells of the
endosperm are easily recognizable throughout the embryo sac
(Figs. 16C, 17 and 18).

In the older dicotyledonous stage of the

embryo, the cells of the endosperm begin to degenerate and some o
the nuclei aggregate in the chalazal part forming a compact mess.
Only a few of the endosperm nuclei are at the micropylar end
(Fig. 20).

This indicates that the endosperm is being digested b

the dicotyledonous stage of the embryo and during further
development of the embryo, since the endosperm nuclei are
clearly reduced in amount while the embryo is generally increased
in size.

Endosperm is almost absent in the embryo sac of the
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older embryo (Fig. 21).
There is little distinct variation in the size of the
endosperm nuclei but the number of the nuclei varies considerably
throughout the different stages of the embryo development.
Various stages of nuclear division were observed simultaneously
in the endosperm during the heart-shaped embryo stage.

In some

instance, two to three nucleoli were observed in nuclei of the
endosperm.

The same type of development has been reported in

Podolepis jaceoides (Davis, 1961) and in Galinsoga ciliata
(Harris, 1935).

It is suggested that the endosperm functions as

a source of nutritive materials for the developing embryo only
after the endothelial cells are exhausted.
The orientation of the cell walls of the endosperm is
irregular:

vertical, transverse or oblique.

cells are uninucleate or binucleate.

The endosperm

In comparison with Senecio

aureus (Mottier, 1893) where a very beautiful network of
protoplasm seems to radiate from the region of the egg nucleus
almost obscuring the endosperm nuclei lying beneath, in Cacalia
atriplicifolia L. (both species belonging to Senecioneae) a
similar network is actually the cell walls of the endosperm.
The walls of the endosperm cells are separated and become
inoperative through breakage at the stage of the dicotyledonous
embryo (Fig. 20).
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VI.

Pollen Viability

The percentages of pollen viability of Cacalia
atriplicifolia L. are indicated in Table 1.

Raw data upon which

Table 1 is based are indicated in Appendix 1.
The percentages of pollen viability were studied in an
attempt to understand the pollen fertility and to determine
if the plants are sexually reproductive.

Although the highest

percentage of pollen viability is 42.9%, the lowest pollen
viability is 15.2% and the mean pollen viability is 30.3%.
This indicates considerable variation among the different
populations.

The observed low pollen viability has been caused

by meiotic chromosome abnormalities which are discussed later
in this paper.
Although fresh pollen samples did stain deeper after only
2-4 hours in the aniline-blue-lactophenol solution as observed
by Powell (1970) in Perityle (Compositae), this made no difference
in the total pollen viability from both sources whereas if the
fresh pollen grains were left in the aniline-blue-lactophenol
solution as long as for 24 hours the dye became evenly dispersed
and no obvious differences from the two sources could be observed.
As mentioned earlier all pollen grains were counted after 24
hours exposure to stain solution.
A significantly large number of oddly-shaped abortive pollen
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grains and abnormally large pollens were observed in this
investigation.
This current report of low pollen viability supports the
Antennaria type of generative apospory in Cacalia atriplicifolia
L.

VII.

Seed Germination

Tables 2-4 and Fig. 24 indicate that cold stratification
was effective in breaking dormancy.

Tables 2 and 5 suggest

that in general long periods of dry storage result in declining
vitality and reduced viability (Toole et al., 1948).

All of the

seed samples in these Tables were of the same age.
In a separate test a sample of 300 seeds, kept in dry
storage at 32.5 F in refrigerator for 126 days and thus planted
without first soaking in tap water for 24 hours and sterilizing
with 5% sodium hypochlorite solution showed no germination.
Whereas a similar lot of seeds soaked in tap water overnight
and sterilized with 5% sodium hypochlorite solution for 20-35
min showed slight germination as indicated in Table 5.

This

suggests that even after long period of storage, water and
sodium hypochlorite solution were somewhat effective

breaking

dormancy.
Greene (1948) noted that the germination period of Cacalia
atriplicifolia L. was 144 hours.

In this study the first
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Table 2.

Germination percentage of 260 freshly harvested
seeds. Times indicated are days elapsed before
appearance of seedling above soil.

localities

M l bam Park, Kalamazoo Co.,
Mich.
Portage, Kalamazoo Co., Mich.
Avery Co., #1, N. Carolina
Avery Co., #2, N. Carolina
Cotunrdineck State Game Area,
Kalamazoo Co., Mich.

Over-all population

Table 3-

14 days

21 days

0%
0%
0%
0%

2.5%
22.5%
2.5 %
20%

2.5%
22.5%
5%
23%

0%

5%

5%

0%

10.8%

12.6%

4 days

Germination of 446 seeds treated with cold
stratification for 89 days. Times indicated are
days elapsed before appearance of seedling above soil.

■Localities

Mil bam Park, Kalamazoo Co.,
lELch.
Portage, Kalamazoo Co., Mich.
Avery Co., #1, N. Carolina
Avery Co., #2, N. Carolina
GoMunrdlaeck State Game Area,
Kalamazoo- Co., Mich.

Over-all population

14 days

21 days

0%
0%
0%
0%

1.9%
48.5%
7.3%
56%

5.8%
48.5%
29.2%
59%

0%

35%

68%

0%

32.7%

43.7%

4 days
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Table 4.

Germination percentage of 233 lmterminated freshly
harvested seeds (Table 2) trentex with cold
stratification for 100 days. Tinea indicated are
days elapsed before appearance rf seedling above soil.

Localities

Milham Park, Kalamazoo Co., Mich.
Portage, Kalamazoo Co., Mich.
Avery Co., //I, N. Carolina
Avery Co., #2, N. Carolina
Gourdneck State Game Area,
Kalamazoo Co., Mich.

Over-all population

Table 5.

4 llV'i

y r-.

t

T',» ^

r,..-T

£4 days

21 days

15.3%
32.4%
55.2%
58.6%

15.3%
32.4%
60.5%
68.6%

’7..7%

77.7%

53.2%

54.0%

Germination percentage o f 5SF dry seeds stored
197 days at 32.5 F then soaker dr. can water
overnight and sterilized with 5% sodium hypochlorite
solution for 20-35 min. Times indicated are days
elapsed before appearanc e rf seerLtng: above soil.

Localities

t days

24 days

21 days

Milham Park, Kalamazoo Co., Mich.
Portage, Kalamazoo Co., Mich.

r*T
n?
Ui .

Q ..3%
I..9%

0.3%
2.2%

Over-all population

Dl

L..l%

1.3%
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Figure 23.

Seedling of freshly harvested seeds; the
cotyledonary leaves are strongly curved
upon emergence, (l/3x)
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200

Number
of
120"

seedlings
80

40 ■■

5

Figure 24.

10

15
Age (days)

20

Seed germination of Cacalia atriplicifolia L.
utilizing different techniques.
(*): Germination
curve of 446 seeds which were treated with cold
stratification for 89 days.
(.): Germination curve
of 260 seeds planted directly after field harvest, no
cold stratification treatment,
(o): Germination
curve of 233 ungerminated field harvest seeds from
(.) test that were treated by cold stratification
for 100 days.
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Figure 25.

Selected stages of seedling development
in Cacalia atriplicifolia L.

|*4 m m ^

\ i . .2

Seed coat
Radicle

mm.

i
o
• O 90
Cotyledon
Hypocotyl

%

-- Radicle

--Root system
8 mm.

5 mm.

Seed coat
Cotyledon

4 mm.
1 mm. ^

11

2 mm.
_ Seed coat

Hypocotyl

4 mm.

3 mm?^”
Radicle

Cotyledon

(after 8 days)

8 mm.

R oot

'T'

system

Hypocotyl

7 mm.
(after 9 days)
Cotyledon
L

13 mm.

(after 9 days)

( after 12 days)
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Figure 25.

(continued)

3.5 mm\l mm.
\*

V *'

5 mm.

A

4 mm.
mm.
27 mm.

T2 mm.

Hypocotyl

~ f Root system
10 mm.

Root system

(after 12 days)
(after 9 days)

f

mm.

Nj ^ 4 mm.
./^
"V

First true leaf
27 mm.
2 mm.
First true leaf

(after 19 days)

(after 12 days)
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Figure 26.

The relationship of leaf number and age
of Cacalia atriplicifolia L.
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Table 6.

Meiotic chromosome counts of Cacalia atriplicifolia L.
(11= bivalent; 1= univalent).

Localities

Voucher specimens

Number

Monroe Co., Indiana
Pippen 343*
Kalamazoo Co., Mich.
Pippen 349*
Pippen 380*
Kalamazoo Co., Mich.
Allegan Co., Mich.
Pierce 1458*
Fish Lake, Barry Co.,
**
Mich.
Gun Lake, Barry Co.,
Chang 1*
Mich.
Gourdneck State Game
Area, #1, Kalamazoo Co.,
Chang 2*
Mich.
Gourdneck State Game Area,
#2, Kalamazoo Co.,
Chang 3*
Mich.
Milham Park, Kalamazoo
Chang 4*
Co., Mich.
Portage Township,
Kalamazoo Co., Mich.
Chang 5*

*:

**:

n=
n=
n=
n=

21
21
21
25

II
II
II
II

+
+
+
+

4
4
4
2

I
I
I
I

n= 25 II + 2 I
n= 21 II + 4 I

n= 21 II + 4 I

n= 21 II + 4 I
n= 21 II + 4 I
n= 21 II + 4 I

Voucher specimens are retained at the C. R. Hanes Herbarium,
Western Michigan University, Kalamazoo, Michigan.
No voucher specimen.

Table 7.

pH value of soil samples where Cacalia atriplicifolia L.
was growing.

Localities

Milham Park, Kalamazoo Co., Mich.
Portage, Kalamazoo Co., Mich.
Gourdneck State Game Area,
Kalamazoo Co., Mich.

pH

6.0
7.2

7.0
6.4

6.0
6.6

7.0
7.6

7.0
6.0

6.0

6.0

6.0

6.0

6.0
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appearance of the seedling off Cacalia atriplicifolia L.
above the ground was noied adder: three days.

In general, four

to twenty days are reqdirsri frnr the completion of seed
germination.
As noted in Figs. 23 sand Zfr the cotyledons upon emergence
o
Q
are curved 90 or greater trhar 90 . This supports Greene's
finding (1948) that the cnrviledanary leaves are strongly curved
upon emergence.
In Cacalia atriplicii-ilia: L. the first true leaf appears
12 days after germination..

Fig:.. 16 shows the relationship of

leaf number and age of Caruiia: atriplicifolia L.
The low fruit ferthHtiTy and. seed viability support the
current finding for apnnrfctis aff Cacalia atriplicifolia L.

'VUG.,

Chromosome Numbers

Table 6 lists new a u n t s of chromosome numbers of Cacalia
atriplicifolia L.

PrevimiE counts have been reported by

Jackson (1962), Coleman (3.962) and Afzelius (1967) all of
whom reported chromosome mashers of n= 25.

In these populations

of Cacalia atriplicifoJiiE I., it will be noted that the
chromosome numbers are r= 2Z3 El + 4 I and n= 25 II + 2 I.
This supports the finding orr Ctarduff et al. (1967) in which
they reported counts of rn= 22n,. 17 and 28 from populations in
North Carolina and Tennessee.,

This suggests the possibility
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-

Figure 27.

''- 4 m

Metaphase I, showing chromosome numbers
n = 21 II + 4 I (1,000x)
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that the chromosome numhers of Cacalia atriplicifolia L.
are derived by aneuploid reduction.
In the present observation, both bivalents and univalents
appeared in the meiotic chromosomes (Fig. 27).

This occurrence

of both bivalents and univalents is an indication of chromosomal
abnormalities which is characteristic of apomixis.

Coleman

(1965) reported both bivalents and univalents present in the
diakinesis stage of meiosis of natural hybrids of Cacalia
atriplicifolia L. and £. Muhlenbergii.
O m d u f f et al. (1967) stated that observed meiotic
irregularities in Arnica are associated with apomixis (both
Cacalia and Arnica belong to the same tribe, Senecioneae).
The previous suggestion of meiotic irregularities being
associated with apomixis, supports the present finding of the
apomictic nature of reproduction in Cacalia atriplicifolia L.
A scarcity of nuclear-division-figures in the female generative
cells is also characteristic of Cacalia atriplicifolia L.
This phenomenon has also been used as evidence of apomixis
(Esau, 1946).
Attempts were made to observe mitotic chromosomes in root
tips but owing to the extremely small size no conclusive data
were obtained.
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IX.

Soil Acidity

Table 7 presents pH data from fifteen soil samples from
dhiree different locations where populations of Cacalia
airiplxelfo1ia L. were growing.

The pH varied from 6.0 to 7.6,

indicating that this species has a tendency to prefer essentially
rimmnnneutral soil.

In general these plants appear to.grow

mmstly in sandy soil.
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SUMMARY

Cacalia atriplicifolia L. is a perennial, rosette-forming
and leafy-stemmed herb growing mostly in circumneutral sandy
soils.

The head is homogamous.

by involucral bracts.
than one floret.

One or two involucral bracts enclose more

The ovary is unilocular, inferior with a

single basal ovule.
tenuinucellate.

The disc florets are subtended

The ovule is anatropous, unitegmic and

The single hypodermal archesporial cell functions

directly as the megaspore mother cell.
supply is present.

An integumentary vascular

The megaspore mother cell functions

directly as the uninucleate embryo sac without meiosis since
no dyad or tetrad stages of meiotic division of megaspore mother
cell were observed.

The prominent endothelial cells differentiate

early and are uniseriate, multiseriate or both; they degenerate
later.

Three further nuclear divisions result in an eight-

nucleate embryo sac.

The development of the embryo sac is

apomictic and conforms to the Antennaria type.

Three large

antipodal cells are seen in the mature embryo sac.

The polar

nuclei do not fuse to form a secondary nucleus but function
directly to form the endosperm.

The egg cell develops

parthenogenetically into an embryo.
In this investigation, it was observed that relatively few
fertile fruits were produced by individual plants.
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Meiosis occurs in the microspore mother cells but is not
found in megaspore mother cell.
earlier than female gametes.
is low.
noted.

Pollen reaches maturity much

The percentage of pollen viability

A significant number of abortive pollen grains are
Some pollen grains stain densely and uniformly but

others do not.

Embryogeny is of the Asterad type.
tubes are present.
embryo at maturity.

Supernumerary pollen

A suspensor occurs and persists until the
The fruit is an achene which bears persistent

pappus.
Calcium oxalate crystals are present in every cell of the
nucellus.

The early stage of the embryo is nourished by food

materials furnished from the endothelium.

The endosperm is not

utilized until the dicotyledonous stage of the embryo.
It is necessary to break dormancy to induce seed germination.
The percentage of seed germination was generally low, less than
58.8% but different populations show considerable variation.
Chromosome numbers of n= 21 II + 4 I and n= 25 II + 2 I
were observed.

The possibility of aneuploidy exists.
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APPENDIX 1.

Raw data of the pollen viability of Cacalia
atriplicifolia L. in different localities in the
United States.
Voucher specimens were retained at the
C.R. Hanes Herbarium, Western Michigan University,
Kalamazoo, Michigan.
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Table 1.

Pollen viability of Cacalia atriplicifolia L. in Alabama.

ItiK'Unvi lie, Tusenlnofin (Jo.
(Jnclmlen Mt., ktowah (Jo.

Table 2.

\/m

OfiH
V\ 8

Mean viability

A O .1%
17.7%

Pollen viability of Cacalia atriplicifolia L. in Arkansas

Stainable numbers

Localities

Marianna, Lee C o .

Table 3.

Non-stalnnble numbers

Stainable numbers

Localities

Non-stainable numbers

113

853

Mean viability

11.6%

Pollen viability of Cacalia atriplicifolia L. in Delaware.
(
i

j
Localities

Stainable numbers ■ Non-stainable numbers
a
•

Mean viability

i
\

Centreville, New Castle Co.
Wilmington, New Castle Co.

83
95

2371
1058

3.3%
8.2%

Ln

Ui
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Table 4.

Pollen viability of Cacalia atriplicifolia L. in Georgia.

Stainable numbers

Localities

Georgia, collected by De Ferry
Yellow River Valley, Mcguire’s
Mill, Gwinnett Co.
Madison Co.

Table 5.

Non-stainable numbers

Mean viability

221

3440

6.0%

186
300

535
1308

25.7 %
18.6%

Pollen viability of Cacalia atriplicifolia L. in Indiana.

Localities

Cass Co.
Elkhart, Elkhart Co.
Etna Green, Kosciusko Co.
Hamilton Co.
Pt. Cotttitiefce
tit arke Co.

Stainable numbers

1263
435
306
1323
216
645

Non-stainable numbers

4882
1777
508
1512
2812
1580

Mean viability

20.5%
19.6%
37.5 %
46.6%
7.1%
28,8%

Ln
On
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Table 6.

Pollen viability of Cacalia atriplicifolia L. in Kentucky.

Stainable numbers

Localities

Berea, Madison Co.
Harlan Co.
Montgomery C o .
Preston, Bath Co.
West Bend, Powell Co.

Table 7.

2153
1009
1294
232
1413

Non-stainable numbers

2962
282
1561
2211
1031

Mean viability

42.0%
78.1%
45.3%
9.4%
57.8%

Pollen viability of Cacalia atriplicifolia L. in Maryland.

Localities

Cecil Co.
Harford Co.

Stainable numbers

350
382

Non-stainable numbers

915
1388

Mean viability

27.2%
21.5%

U/1
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Table 8.

Pollen viability of Cacalia atriplicifolia L . in Iowa.

Stainable numbers

Locality

Pine Creek, Muscatine Co.

Table 9.

1155

Non-stainable numbers

1108

Mean viability

51.0%

Pollen viability of Cacalia atriplicifolia L. in Kansas.

Locality

Manhattan, Pottawatomie Co.

Stainable numbers

27

Non-stainable numbers

1244

Mean viability

2.1%

Ln
00

Reproduced with permission of the copyright owner. Further reproduction prohibited without perm ission.

Table 10.

Pollen viability of Cacalia atriplicifolia L. in Michigan.

Localities

Alma, Gratiot Co.
Ann Arbor, Washtenaw Co.
Clinton Co.
Gourdneck State Game Area, //I
Gourdneck State Gatne Area, //2
Gun Lake* Barry do*
Jackaon Gw*
Lowell, Kent Go:
Hi Ifiani Park, Kalainaaon fin:
New Buffalo, Barr feu Go,
Portage, kalamason do,
Tecumseh, Lenawee do,
Ypsilanti, Washtenaw Co.
Little pleasant Lake, St. Joseph Co.

Stainable numbers

170
414
1978
1648
3407
1101
889
981
9/
409
12 32
5 34
145
1261

Non-stainable numbers

2323
2189
3501
5381
3389
1069
2497
204 3
1092
139 7
5716
577
487
1778

Mean viability

6.8%
15.9%
36.1%
26.0%
27*8%
50*6%
26*2%
22*1%
37:9%
22.3%
9,5%
48.0%
22,9%
41.4%

Ln
VO
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Table 11.

Pollen viability of Cacalia atriplicifolia L. in Missouri.

Stainable numbers

Localities

Jackson Co.
Lamar, Barton Co.
St. Louis Co.
Warrensburg, Johnson Co.

Table 12.

Non-stainable numbers

1596
485
1337
492

280
1008
428
399

Mean viability

14.9%
67.5%
24.2%
44.7%

Pollen viability of Cacalia atriplicifolia L. in New Jersey.

Locality

Washington Crossing, Mercer Co.

Stainable numbers

241

Non-stainable numbers

5836

Mean viability

3.9%

o
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T a b l e I I,

p o l l e n v i a b i l i t y o f U a e a l ia at r i p I o t f n l i a h.

Localities

Aydlett, Dare Co.
Barnardsville, Yancey Co.
Biltmore
Blowing Rock Mountain, Watauga Co.
Cedar Mt., Transylvania Co.
Craggy M t ., Buncomb C o .
Fincher M t . , Haywood Co.
Graham Co.
Lake Johnson, Wake Co.
Madison Co.
McDowell Co.
Pisgah Forest
Pisgah M t ., Transylvania Co.
Roan M t .

Stainabl

numbers

325
396
32
10
287
651
1149
208
271
722
1152
249
10
135

in N o r t h C a r o l i n a .

Non-stainable numbers

1352
4174
59
841
1198
3644
3263
657
2005
3601
3638
344
224
58

Mean viability

19.3%
8.6%
35.1%
1.1%
12.5%
15.1%
26.0%
24.0%
11.9%
16.7%
24.0%
41.9%
4.27%
69.9%

O'
I-1
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Table 14.

Polle n v i a b i l i t y of Cacalia

I>ot;a I 11 i en

hi f(i Itdb I e HI Hub m I «

c i no ( mi Hl 1 , Ham 111 on Co.
E l y r i a , b o r a i n Co.
M a n s f i e l d , R i c h l a n d Co.

Table

15.

atriplicifolia

Pollen

viability

L.

I Ion a I a I nab ! m in ntibe I a

4H4
4
40b

of

Cacalja

Localities

Mcballs Ferry
Near Pennsylvania State University,
Centre Co.

atriplicifolia

Stainable numbers

in Ohio.

14H9
b/hb
I b4b

b.

in

C m a M P I ab I 1 i I V

12. 1%
u. Ob%
19.7%

Pennsylvania.

Non-stainable numbers

Mean viability

690

1394

33.1%

1264

972

56.5%

CTN
N5
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Table 16.

Pollen viability of Cacalia atriplicifolia L. in South Carolina.

Localities

Stainable numbers

Near Inland Waterway, between
Adams Run and Edisto Island,
Charleston Co.
Charleston Co.
Along Rivers, Oconee Co.

Table 17.

465
680
291

Non-stainable numbers

4744
842
438

Mean viability

8.9%
44.6%
39.9%

Pollen viability of Cacalia atriplicifolia L. in Tennessee.

Localities

Cades Cove, Green Creek
Lewis Co.
Elkmont, Sevier C o .

Lewis Nat. Monument,

Stainable numbers

1247
418
1191

Non-stainable numbers

758
2191
1680

Mean viability

62.19%
16.0%
41.4%
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Table 18.

Pollen viability of Cacalia atriplicifolia L. in Virginia.

Stainable numbers

Localities

Bedford Co.
Blacksburg, Montogomery Co.
Norfolk Co.

Table 19.

109
229
203

Non-stainable numbers

1644
2968
2919

Mean viability

6.2%
7.1%
6.5%

Pollen viability of Cacalia atriplicifolia L. in West Virginia.

Localities

Alleghanies, Aurora
Bavard, Monongalia Co.
Hanging Rock, Hampshire Co.
Wheeling, Ohio Co.

Stainable numbers

127
141
1445
378

Non-stainable numbers

720
2685
1492
880

Mean viability

14.9%
4.9%
49.1%
30.0%

ON
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Table 20.

Pollen viability of Cacalia atriplicifolia L. in Washington D.C.

Localities

Stainable numbers

High Island, Potomac River
National Park

Table 21.

64
325

Non-stainable numbers

410
509

Mean viability

13.5%
38.9%

Pollen viability of Cacalia atriplicifolia L. in Wisconsin.

Locality

Wauwatosa, Milwaukee Co.

Stainable numbers

197

Non-stainable numbers

2016

Mean viability

8.9%

O'*

APPEKBIX 2.

Description of Cacalia atriplicifolia L.

Cacalia atriplicifolia L. is a perennial, rosette-forming
and leafy-stemmed herb to 2.5 m tall.

The plants are glabrous,

glaucous especially on stems and lower surface of the leaves.
The flowering stem usually does not arise from center of basal
rosette but off to one side.

The roots are fibrous and fleshy.

The caudex is thick and tough, to 18 mm thick.
leaves are to several, long petioled.
basically ovate or broadly ovate.

The radicle

The blades are variable,

The base are cordate or

auriculate and is up to 21 cm long (from the tip to where
blade is attached to petiole) and equally broad, simultaneously
veined with 3-7 main veins; The central one usually more
prominent.

The margins are usually shallowed or lobed with

7-12 deltoid lobes.
dentate.

The lobes are 2 cm long and broad, often

The petioles are trough shaped, purplish or green and

to 29 cm long.

Cauline leaves are similar to the basal ones

though usually with more pronounced lobes, mid and upper cauline
leaves are smaller upwards, more deeply lobed.
ascending and neither cordate nor auriculate.

The bases are
Stems are stout

and to 2 cm thick, terete, not angulate or sulcate.

The

inflorescence is cymose, often exceeding 30 cm in height and
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width.

The lowermost branches are in the axils of the upper,

bracteiform, cauline leaves.
by minute and subulate bracts.

The upper branches are subtended
Heads are corymbose, homogamous,

usually 100 or more (depending upon the size of the
inflorescence and plant).

Involucre is narrowly cylindrical.

The phyllaries are green and each of five phyllaries is 7-8 mm
long and 1.5-2 mm wide.
compound.

The receptacle is flat-topped and

Disc flowers are sessile, actinomorphic and epigynous,

5-7 in an head.

Ray flowers are absent.

or whitish or purplish, 7-8 mm long.

Corolla is greenish

The tube is 3-5 mm long.

The throat is narrowly funnel-form, 1-1.5 mm tall and broad.
The lobes are linear and laxly recurved, ca. 2 mm long.
floret has usually 5 anthers, but sometimes 6-7.
is 2.5-3 mm long.

Each

Anther tube

The style is slender and has branches

(Senecioid) of 1 mm long.

Stigma is bifid.

Mature achenes are

fusiform or ellipsoid, 4-5 mm long and 2 mm wide, 1 mm thick,
dark brown or purplish (occasionally with 10 prominent, pale
ridges), resinous.

Pappus is capillary, 4-6 mm long, white and

generally persistent from mature achenes (some of the above
description by Dr. Richard W. Pippen, here published).
Hermaphroditic disc floret is individually subtended by each
involucral bract, rarely one or two involucral bracts bear
more than one floret.
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